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This invention relates to asphalt emulsions having im 
proved adhesion, and more particularly to those 'asphalt 
emulsions in which the asphalt contains an adhesion-in 
proving additive prepared by reacting a phosphorus sul 
fide with an olefin and then reacting with a higher aliphatic 
alie. 

Ordinary asphalt from petroleum sources that is used 
for paving purposes, generally termed asphalt "cement." 
must be heated to a temperature generally about 300' in 
order to be free flowing for mixture with aggregate. In 
order to avoid the requirements for heating, it has been 
proposed to flux or dissolve the asphalt in a hydrocarbon 
solvent in order that the asphalt may be free flowing at 
room or ambient temperatures. The amount of the solvent 
determines the viscosity of the asphalt. These composi 
tions are known as "cut-back' asphalts. This form of 
asphalt is more expensive because of the solvent require 
ments. The evaporation of the solvent after use also 
presents fire hazards and may be time consuming. 

It has also been proposed to emulsify asphalt in water. 
Asphalt "emulsions' have been used more extensively 
abroad than in this country. The asphalt is more com 
monly emulsified as the inner phase of the emulsion which 
is of the so-called oil-in-water type. The particles of 
asphalt in the emulsion range from 1 to 20 microns in 
size and the asphalt emulsion is free flowing at ordinary 
temperatures. The water and emulsifying agent used in 
making emulsion is, of course, much cheaper than the hy 
drocarbon solvent required for making a cut-back asphalt. 
The viscosities of the asphalt emulsions and the cut-back 
asphalts are comparable. - 
In making asphalt emulsions, the asphalt is heated to a 

liquid state, and the water containing the dispersing agent, 
generally soap, is emulsified with the asphalt, such as in a 
colloid mill. The emulsion varies in color from brown to 
black, the lighter colors generally indicating a greater sub 
division of the asphalt particles. 
When the asphalt emulsion is applied to aggregate or 

soil, the water either evaporates or is absorbed and the 
emulsion breaks and the asphalt is intended to adhere to the aggregate or soil. 

Asphalt emulsions must meet five important criteria, 
i.e., stability, demulsibility, asphalt content, viscosity, 
and adhesion. 
The stability of the emulsion is important since it is 

usually prepared ahead of time and shipped in drums, 
tank or railroad cars and must remain unbroken in the 
emulsion form until used. If the emulsion breaks in the 
container, not only would the product be useless, but it 
would be difficult to remove the asphalt from the con 
tainer. Practically speaking, the emulsion must remain 
stable during any storage time at the refinery, during ship 
ping, and during any storage time after receipt until used. 
This period may vary widely from a week to many months. 
Federal Specifications SS-A-674a require no separation of 
asphalt. at the time of use provided the material is not 
held more than thirty days after delivery. Since there is 
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no other accepted specification on stability, a stability of 
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not less than thirty days is set forth as the desideratum 
in the following table of requirements. - - - - 
The demulsibility test indicates the rate at which the 

emulsion breaks into its components after it is applied. 
Asphalt emulsions are generally made in three types: The 
RS or rapid setting type, the MS or medium setting type, 
and the SS or slow setting type. The first two are the most 
common. The demulsibility test is described as A. S. T. M. 
Test No. D-244-42 and is carried out by adding calcium 
chloride solution to the emulsion and measuring the 
amount of asphalt that is recovered from the emulsion 
within certain times. Ohio Specification M-5.5 requires 
at least 60% of the asphalt to be demulsified within the 15 
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time specified in the A. S. T. M. test in the RS type, and 
not more than 30% in the MS type. Thus the emulsion 
must be one which is unstable under the conditions of use 
but must be stable until use. 
The asphalt content is generally specified as 50% or 

more. Ohio Specification M-5.5 requires an asphalt con 
: tent of at least 55% for the rapid setting type and at least 
60% for the medium setting type. This requirement is 
important since it is the asphalt content of the emulsion 
that is of value and asphalts of high water content are 
less desirable because the water is of no value. 
The viscosity is related somewhat to asphalt content, 

but viscosity requirements generally are such as to permit 
mixing of the emulsion with the aggregate. If the water 
content of the emulsion is plotted against viscosity, there 
is a sharp decrease in viscosity of the emulsion when the 
water content reaches 40 to 50%, and as the amount of 
water increases beyond this, the viscosity of the emulsion 
rapidly approaches the viscosity of water. Asphalt con 
tents above about 50 to 60% have higher viscosities. 
Thus an emulsion with maximum asphalt content, which 
has a low enough viscosity for mixing, is ideal. The vis 
cosity is measured in Furol seconds at a stated tempera 
ture. The viscosity measurement test is described as 
A. S. T. M. D-244-42. Ohio Specification M-5.5 specifies 
a viscosity of 20 to 100 for the RS-1 type at 25 C., 75 to 
400 for the RS-2 type at 50 C., and 100 to 1,000 for the 
MS type at 50° C. 
The last requirement, namely adhesion, is particularly 

important and is more significant in the case of emulsions 
than in the case of asphalt cements. Since asphalt cements 
are generally applied hot to dry aggregate, it is not as dif 
ficult to secure adhesion when the asphalt is mixed with 
aggregate. In the case of asphalt emulsions, however, the 
water is in the outer phase and tends to wet the aggregate 
before the asphalt touches it. In fact, one of the ad 
vantages attributed to asphalt emulsion is the ability to 
use a wet aggregate during construction, thereby elimi 
nating the expense of drying and preheating the aggregate. , 
Asphalt emulsions are notoriously poor in adhesion 

properties, and there is no standardized A. S. T. M. or 
Federal testing procedure for this property of emulsions. 
Various adhesion tests have been proposed and one test 
which has been devised, and which is the one used by 
the applicants, is Ohio Specification M-205.5. The test 
ing procedure is as follows: 

100 grams of dry standard silica aggregate graded to 
pass a 4 inch sieve and to be retained on a No. 10 
sieve shall be heated to 300 F. in a metal container on 
a hotplate, then 8 grams of the emulsion added (the 
emulsion need not be heated) and mixed until the ag 
gregate is completely coated. Approximately 50 grams 
of the mixture shall be spread thinly on a metal can lid 
or a watch glass and placed in a constant temperature 
oven at 200" F. for 24 hours. At the end of this curing 
period, the 50-gram sample shall be thoroughly remixed 
if any drainage has occurred and dropped into 400 cc. of 



3. 
boiling distilled water in a 600 cc. beaker and stirred for 
3 minutes at the rate of approximately 60 times per 
minute, continuing the boiling of the water during the 3 
minute period. The beaker shall then be removed from 
the source of heat and after ebullition ceases, cold water 
shall be run into the beaker through a 4 inch tubing sub 
merged about one inch below the surface of the water. 
The addition of the cold water shall be continued until 
the film of asphalt on the surface of the water in the 
beaker has flown over the side. After this is accom 
plished, the sample shall be removed from the beaker, 
care being taken to prevent re-coating of the aggregate 
with asphalt deposited on the beaker, and placed on, ab 
sorbent paper. After drying, the sample shall be ex 
amined for uncoated areas and an estimate made of the 
percent of aggregate area remaining coated with asphalt. 
Most commercial asphalt emulsions have a rating of 0 

to 15% when tested by the above procedure. An addi 
tive that raises the adhesion of the asphalt emulsion to 
50% under this test is considered to impart a marked in 
provement, and an adhesion of 75% is excellent. 
A résumé of the requirements is as follows: 

TABLE I 

Requirement RS- RS-2 MS 

Furol viscosity in seconds: 
at 25 C---------------------- 20-00----------------- 
at 50 C-s------------------------------- 75-400----- 100-1,1000. 

Asphalt Content or residue, per 
cent---------------------------- 55-------- 60--------- 60--. Stability------------------------- <30 days-- -30 days. 330 days. 

Demulsibility: 
(35 cc. N750. CaCl2), percent--- 60--------- 60-------- 
(50 cc.N/10 CaCl2), percent------------------------...- 30-. 

Adhesion Test, percent of aggre 
gate coated.--------------------- 50 to 75---- 50 to 75. -- 50 to 75. 

Asphalt emulsions are fully described in the art. The 
invention is applicable to all asphalt emulsions, especially 
those of the oil-in-water type in which the dispersing 
agent is or comprises a soap. The manner of Inaking the 
emulsions is well known in the art together with the in 
gredients, proportions, mixing techniques and conditions, 
and further description is not necessary. 

It is not difficult to meet the specifications on asphalt 
content, viscosity, stability and demulsibility. It is diffi 
cult, however, to meet these requirements and at the 
same time to achieve good adhesion. The invention is 
concerned with improving the adhesion of the asphalt to 
aggregate and at the same time meeting the other speci 
fications. The difficulty of achieving good adhesion will 
be readily understood when it is considered that the sta 
bility and demulsibility largely involve surface active con 
siderations. 

aggregate is largely a Surface active phenomenon. 
Many compounds are available to improve the adhesion 
of asphalt cement which cannot be used in asphalt emul 
sions because these compounds are generally so polar 
or possess such surface active properties as to interfere 
with the viscosity, stability or demulsibility of the emul 
sion. The selection of an additive which will increase 
the adhesion and not affect the stability or demulsibility, 
i.e., will still permit the emulsion to meet specifications 
on these scores, is a genuine problem in the art not easily 
solved. 

In an asphalt emulsion made with a sodium soap as . 
the emulsifier, it is believed that a fatty end of the soap 
molecule attaches itself to the asphalt in the emulsion 
and the sodium end of the soap molecule projects and is 
in the aqueous phase. 
gredient of either the asphalt or the aqueous phases may 
readily affect this balance to such an extent as to affect. 
the character of the emulsion. 

Additives useful in cement and cut-back do not serve 
as guides in solving the problem of improving the ad 

The same is true of the adhesion of the 
asphalt, i.e., the ability of the asphalt to adhere to the 

it will be apparent that any in 
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hesion of emulsions because most adhesive additives for 
asphalt cement are unsuitable in emulsions and there is 
no correlation or predictability from the asphalt cement 
art as to what additives are suitable in emulsions. 
Many additives have been proposed heretofore for as 

phalt emulsions for variety of properties. In general, 
however, these additives are contained in the aqueous 
phase and our invention is to be distinguished from these 
since our additive is added to the asphalt phase. 
We have discovered, in accordance with our invention, 

that asphalt emulsions are improved in adherence by an 
additive made by reacting phosphorus pentasulfide with 
an olefin, optionally treating the reaction product by 
steam, and then reacting with a higher aliphatic hydro 
carbon amine. This additive also permits other asphalt 
specification requirements to be met, particularly stability 
and demulsibility. 

In general, olefins used in preparing the additive have 
from about 4 to about 25 carbon atoms in the molecule 
and these are preferred as an initial reaction component. 
A commercially desirable olefin is so-called "motor poly 
mer" or species of this known as "heavy motor polymer” 
or "reduced motor polymer.” Motor polymer, as this 
term is used, is an olefin polymer made from C3 and C4 
olefins by polymerization, e. g., with a phosphorus acid 
type catalyst. It is slightly fluorescent, light colored 
liquid. In its whole state it has an F-2 clear octane rat 
ing in the range of 75-85, and a typical motor gasoline 
boiling point range with the bulk of the products boiling 
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off at between about 190° and 360° F., thus indicating 
that the bulk of the material is in the C6-C10 olefin boiling 
range with some lighter and heavier ends. The poly 
mers appear, in general, to be fairly highly branched and 
contain substantial proportions of tertiary olefins. Little 
or no diolefins are present and it contains virtually no 
aromatic, naphthenic or parafiinic constituents. This is 
well known in the industry as "motor polymer" and need 
not be further defined to be fully understood by one 
skilled in the art. 
A polymer gasoline fraction may be removed by frac 

tional distillation to the 250 F. cut point, and the residue 
(I.B. P. of 250) is known as “reduced motor polymer." 
The reduced motor polymer may contain small amounts 
of materials lighter than trimer, its average molecular 
weight is about 145, and it preferably contains a major 
amount of olefins boiling below 600 F. Other frac 
tions having other initial boiling points (I. B. P.) are 
referred to as heavy motor polymer and are identified 
by their I. B. P. Olefins and olefin polymers made from 
other olefins and by other methods may be used. 
The sulfide-olefin reaction may be carried out in the 

presence or absence of air, or in an atmosphere of inert, 
or non-deleterious gas, such as nitrogen or H2S. 
also be carried out at atmospheric pressure or under 
superatmospheric pressure, e. g., the pressure generated 
when the reaction is carried out in a closed vessel or 
the pressure due to an added inert gas. 
Water within the range of 0 to 10% may be present, 

preferably about 3 to 6%, if water is employed. The 
yield is very high. Generally, the amount of phospho 
ruspentasulfide is chosen so that all of it will react at 
the temperature selected and the reaction is continued 
until it is consumed. In general, about 0.25 to 0.75 
mol of phosphorus pentasulfide are used per mol of 
olefin. 
perature for the reaction is selected so that it proceeds 
at such a rate as to complete the reaction in a reasonable 
time. Generally, the temperature is within the range of 
150 to 425 F., the lower temperatures requiring much 
longer reaction times. 
is 280 to 350 F. 
The phosphorus pentasulfide-olefin reaction product 

may be made with direct admixture of the reactants, or, 

The preferred temperature range 

if desired, by their admixture in the presence of a diluent 
which may or may not be subsequently removed. 

It may 

The preferred ratio is about 0.5:1.0. The tem 

: 
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The reaction is usually complete in about 10 hours or 
less time, except in the case of temperatures in the lower 
part of the range. The reaction time is a function of 
the temperature, the pressure, the amount of the phos 
phorus pentasulfide that is to react the subdivision of the 
reactants, the rate of stirring, etc. 

If the reaction product is reacted with steam before 
reaction with the amine, this is preferably carried out 
at a temperature within the range of 212 to 300 F., 
preferably 215 to 260 F., and is continued until the 
desired product is obtained, generally from 2 to 48 
hours, depending somewhat on the rate of the reaction 
with steam. This reaction is believed to be one of 
hydrolysis in which oxygen replaces sulfur with the elimi 
nation of sulfur as H2S. It is carried out conveniently 
by passing steam through the reaction product at an 
elevated temperature. 
The sulfide-olefin reaction product may be used as 
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such in the next step. However, if there is any sludge, 
it may be centrifuged or filtered to remove any traces of ; 
insoluble by-product substances. 
The amine derivative of the reaction product is pre 

pared by mixing the two ingredients, for any reasonable 
time to complete the reaction, at room temperature, or 
above, preferably at a temperature of about 200 F. in 
order to shorten the reaction. 
The amine should be a higher aliphatic hydrocarbon 

amine, i. e., one having 8 to 24, carbon atoms. Amines 
having aliphatic hydrocarbon chains of 10 to 12 atoms, 
e. g., decylamine and dodecylamine, and commercial 
and technical amines composed largely of these amines, 
give excellent results. A commercially desirable amine 
is that made from the coconut oil fatty acid mixture, and 
is sometimes called "cocoamine.' It is a mixture of 
amines having alkyl radicals in proportion to their natural 
occurrence in coconut oil, predominantly 12 and 14 car 
bon atoms. It is sold under the trade name "Armeen 
C.” With the less costly technical grade of cocoamine, 
a slightly higher concentration of the additive may be 
required, than in the case of the pure amines. 
The cocoamine itself is not suitable as an additive for 

improving the coating properties of the asphalt emulsion 
when incorporated in an amount equivalent to the amine 
content of the amine in the olefin-sulfide reaction prod 
uct. 
The amount of the amine reacted may be from 0.1 to 

1.5 equivalents of the theoretical amount required based 
on the neutralization number of the reaction product, 
(with or without the reaction with steam), 0.6 to 1.2 
mols being optimum. Preferably the amount of the 
amine is about one equivalent or an amount which will 
give a substantially neutral reaction product, i. e., one 
which when incorporated in the asphalt emulsion will not 
substantially alter the pH value of the aqueous phase. 
The following is illustrative of the preparation of the 

initial reaction product and the reaction with steam. 
Example A 

In a typical reaction of the olefin and the sulfide, 60 
pounds of "reduced motor polymer," 38% of phosphorus 
pentasulfide and 2.4 pounds of water were mixed and 
heated in a closed vessel. The temperature reached 350 
F. in one hour and it was maintained at this temperature 
for 3 hours, with agitation. The reaction mass was then 
filtered hot from a sludge amounting to about 10%. 
The resulting product had the following properties: 

3.9 weight percent pentane insolubles, a viscosity at 
100 F. of 167 cs. (centistokes), 25.2% sulfur, 8.4% 
phosphorus, a molecular weight of 333, a neutralization 
number of 45, a saponification number of 212, and a 
density of 1.0505, and an optical density of 321. 

Example B 
A portion of the above P2S5 "motor polymer" reac 

tion product from Example A was reacted with steam 
at a temperature of 230 F., for two hours. The residue 
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6 
was 70.6 weight percent of the charge. This residue had 
the following characteristics: 

32.2 weight percent pentane insolubles, a viscosity at 
100 F. of 5.370 cs. or 24,800 SUS, 21.0 weight percent 
sulfur, 11.9 weight percent phosphorus, a neutralization 
number of 147, and a density of 1.1112. 

Example C 

The above initial reaction products were reacted with 
various amines in different amounts as indicated in the 
following table. The amines were added and the mixture 
heated and thoroughly stirred at 200 F. for 30 minutes. 

TABLE II 

Initial Anaount of Example No. Reaction Amine Amine in 
Product of Equivalents 
Example 

A. octylamine.------ ... O 
A. decylamine------- 1.0 
A dodecylamine---- 1.0 
A ----- do------------ 0.5 
A. octadecylamine-- .0 
A. Armeen-S-------- 1,0 
A. cocoanine- 1.0 
B octylamine 0.2 
B decylamine -- 0.2 
B dodecylamine---- 0.2 
B cocoamine. 0.8 
B ----- do-. 1.2 
B ----- do--- 1.0 

The amount of the additive made as described above 
which is incorporated in the asphalt emulsion is expressed 
herein in terms of percentage based on the asphalt con 
tent of the emulsion. The minimum amount which will 
give the requisite adhesion in general amounts of from 
2 to 1/2%. The minimum amounts will give adhesion 
of 50 to 75%. Smaller amounts will give improved but 
less adhesion but there will probably be a few instances 
where such poorer adhesion will be called for. Because 
of the economics involved, more of the additive will not 
be used than is required for the desired adhesion. Gen 
erally, amounts will not be in excess of 2% and in any 
instance, not in excess of 5%. Larger amounts do not 
affect the asphalt emulsion and we, therefore, do not be 
lieve there is any critical upper limit. 
The following represent examples of the best mode of 

practicing the invention with reference to rapid- and 
medium-setting types of asphalt emulsion, which are in 
the most common use. However, it is not to be inferred 
that our invention is limited to the best mode of practic 
ing it or otherwise restricted to a lesser scope than that 
defined hereinbefore. 

Inasmuch as the additive is mixed with the asphalt 
before the emulsion is made, it is not possible to make 
exact duplicate samples except within the margin of 
reproducibility of making emulsions. This is to be dis 
tinguished from situations in which an emulsion can be 
made and an additive added to the emulsion after it is 
made. Any differences in the comparative data in foll 
lowing tables are not significant in so far as the important 
criteria are concerned. 

Example 14 

(a) A rapid-setting asphalt emulsion was prepared by 
emulsifying asphalt with water, the emulsifying agent 
being the conventional soap used in this art in an amount 
of about 1.3 to 1.4% based on the aqueous phase and 
containing free sodium hydroxide in an amount of about 
0.2% based on the aqueous phase. The properties of this 
asphalt are shown in column 1 of Table III hereinafter. 

(b) An otherwise substantially identical asphalt emul 
sion was prepared, except that the asphalt was thoroughly 
mixed with the reaction product of Example 13 described 
heretofore, before the asphalt was emulsified. The prop 
erties of this emulsion are shown in Table III. 

  



2,280,557 

TABLE III 

Example. Example 
14(a) 14(b) 

Emulsion type:----------------------------------- : RS-2 RS-2 
Anotunt of additive---------- ---percent. , 0: 0. 
Percent asphalt----------------------------------- 6, 5 6, 5 
Wiscosity (Furo seconds at 50 C.).------------- 20 30 
Demulsibility: 

Fresh--------------------------------percent-- 67 -------- 
liday------- a las a wrw w war w we new as a as wers as w do------------- 62 

Stability------------------------------------ days. <30 4:30 
Adhesion.------------------------------- percent. O 80 

Example 15 
(a) An asphalt emulsions of the medium-setting type 

was prepared, similar to... that described in the previous 
example, which contained about 3.2% soap on the aque 
ous phase and about 0.2% free alkali on the aqueous 
phase. The properties of this, are shown in the following 
table. 

(b) A similar medium-setting asphalt emulsion was 
prepared which is. substantially identical with that de 
scribed in the previous paragraph, except that it con 
tained 1% of the additive: described heretofore under. 
Example No. 13. The properties of this asphalt are 
shown in the following table. 

O 

5. 

20. 

8 
From these examples, it is readily, apparent that the 

additive of the invention markedly improves the adher 
ence of the asphalt without, detracting in any way from 
the other properties, while. at the same time permitting 
the emulsion to meet all of the other, important requires. 
ments set by current specifications. 
We claim: 
1. An asphalt. emulsion having satisfactory asphalt 

content, viscosity, stability and demulsibility, comprising, 
as separate phases, asphalt which does not adhere satis 
factorily to aggregate, and water, the two phases being 
dispersed and the dispersion stabilized with the aid of a 
water-soluble alkali metal soap, and, as an additive disr 
persed in the asphalt.phase of the emulsion, an amount. 
within the range from 0.5% to 2% based on the asphalt, 
content of the emulsion, to improve the adhesion chars 
acteristic of the asphalt, of the product of reacting a 
liquid olefin and phosphorus pentasulfide. in the propor 
tion of about 0.25 to 0.75 mole of phosphorus, penta 
sulfide. per mole of olefin at a temperature, within the 
range of 150 to 425 F., and then reacting the obtained 
reaction product with a higher, aliphatic hydrocarbon 
amine having from 8 to 24 carbon atoms in the propor 
tion of about 0.1 to about 0.15 equivalent per saponifica 

25 tion equivalent of the reaction product. 
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TABLE IV 

Example Example 
5 (a) 5 (b) 

Emulsion type----------- MS. MS 
Amount of additive---------------------- percent.-- O 
Percent asphalt----------------------------------- 62 62. 
Wiscosity (Furoseconds at 50° C.).--------------- 310 25 
Demulsibility: 

. Freshi---- --percent- 5 
1 day- -do-------------- 0.5 

Stability--- -days-- 330 <30 
Adhesion- -percenti- O 6. , 

2. The composition of claim 1 in which the aliphatic 
hydrocarbonamine has from ten to twelve carbon atoms. 
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